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ABSTRACT: Aroeira-branca, an arboreal species of great ecological and economic importance, is seed
propagated and presents limitations with respect to the availability of methods for seed quality evaluation.
The X-ray test has been considered of potential value because it is accurate, quick and nondestructive. In this
context, the objective of this work was to verify the possibility of this test to detect damage and/or abnormalities
in aroeira-branca embryos, in an attempt to correlate these anomalies to germination. Four seed lots were
collected in different locations in the southern region of the State of Minas Gerais, Brazil, during 2001. The
X-ray test consisted of submitting 100 seeds/lot to radiation (exposure of seeds to radiation of 13 kV/5
minutes) and classifying them according to embryo/embryo cavity proportions of 0, < 50, 50-75 and 100%,
with the latter class divided into normal and abnormal according to embryo morphology. The germination
test was then carried out to detect possible relationships between seed anatomy and the resulting seedling/
seed ratio, as revealed by radiographs. Seeds presenting an embryo/embryo cavity proportion lower than
100%, as determined by the X-ray test, did not germinate, and those presenting abnormal embryos produced
abnormal seedlings or did not germinate, providing evidence that the X-ray test is effective to assess seed
quality.
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AVALIAÇÃO DA QUALIDADE DE SEMENTES DE AROEIRA-
BRANCA [Lithraea molleoides (Vell.) Engl. - ANACARDIACEAE]
POR MEIO DE RAIOS-X
RESUMO: A aroeira-branca, espécie arbórea de grande importância ecológica e econômica, multiplica-se por
sementes, as quais têm apresentado limitações quanto à disponibilidade de métodos para a avaliação da qualidade.
O teste de raios-X tem se destacado por ser um método rápido, preciso e não destrutivo. Neste contexto, o
presente trabalho foi realizado com o objetivo de verificar a possibilidade de uso do teste de raios-X na detecção
de danos e ou anormalidades em embriões de aroeira-branca, bem como associá-los à germinação. Foram utilizados
quatro lotes de sementes colhidas em áreas da região sul de Minas Gerais, no ano de 2001. Cem sementes/lote
foram submetidas ao teste de raios-X, que consistiu na radiografia (condições de exposição à radiação: 13 kV/
5 minutos) e classificação das sementes baseada na proporção do embrião em relação à cavidade embrionária,
de 0, < 50, 50-75 e 100%, sendo a última classe dividida quanto à morfologia do embrião, em normal e anormal.
Em seguida, foi conduzido o teste de germinação, visando detectar possíveis correspondências entre a anatomia
das sementes e as respectivas plântulas/sementes resultantes. As sementes em que a proporção embrião/cavidade
embrionária foi inferior a 100% não germinaram, e aquelas pertencentes à classe radiográfica de embriões
morfologicamente anormais resultaram em plântulas anormais ou sementes não germinadas, evidenciando a
eficiência da técnica de raios-X para avaliar a qualidade das sementes.
Palavras-chave: radiografia, morfologia de embrião, germinação de semente, espécie florestal
INTRODUCTION
The X-ray test, introduced by Simak &
Gustafsson (1953) to assess seed quality of some coni-
fers, within the scope of seed technology, consists of the
radiographic analysis of internal seed structures and is,
at present, utilized for several purposes. When a beam
of X-rays passes through seeds, a permanent image of
them is formed on a film. The images can present a
higher or lower degree of radiopacity (light) and radi-
oluminescence (dark) depending on the absorption level
of X-rays by the seeds, which is determined by factors
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such as composition, thickness and density of the
tissues, and wavelength of the ionizing radiation
(Simak, 1980; International Seed Testing Association,
1993).
Even though X-rays are potentially harmful to
seeds, the low rate that is absorbed during the test is
not sufficient to induce genetic mutations and does
not affect their germination (Simak & Gustafsson,
1953; Swaminathan & Kamra, 1961; Chavagnat & Le
Lezec, 1985; Bino et al., 1993). In addition, it is a test
that does not require previous seed treatment, with the
advantages of being nondestructive, quick and easy-to-
perform.
Seed radiography allows the visualization of me-
chanic injury, damage caused by insects or other caused
by pre and post-harvest adverse factors, in the form of
cracks or fractures (Simak, 1980; ISTA, 1993; Poulsen
et al., 1998). In addition, it allows detection of abnormali-
ties in embryos, and to determine their development stage
(Simak & Gustafsson, 1953; Simak, 1980).
In seed quality control programs of forest (Simak,
1980) and olericultural (Chavagnat, 1987) species the X-
ray test is routinely utilized. Since morphological aspects
of the seeds, possibly associated to viability, can be as-
sessed through the X-ray test (Copeland & McDonald,
1985), many scientists have sought to establish a relation-
ship between seed anatomy and germination or seedling
morphology; such correspondence varies according to
species (Simak, 1991).
The application of this technique is particularly
promising in the analysis of seeds of aroeira-branca, an
arboreal species of economic expression and ecological
importance, with propagation units being drupe-type
fruits, makes the exam of the embryo by other methods
impracticable. In addition, the species exhibits a pro-
longed seed germination period, thus demanding quick
tests for quality evaluation. Within this context, the ob-
jective of the present work was to evaluate the possibil-
ity of using the X-ray test for the detection of damage
and/or abnormalities in aroeira-branca embryos, and as-
sessing their effects on germination.
MATERIAL AND METHODS
Fruits were harvested in January 2001, in distinct
areas where the species occurs naturally, of the southern
region of the State of Minas Gerais (21°04-21°14S,
45°02-45°12W), at the municipal districts of Ijaci (lot
1), Lavras (lots 2 and 3) and Ribeirão Vermelho (lot 4).
After harvest, fruits were submitted to manual friction in
a sieve under running water for epicarp removal and then
dried. Fruits processed in this way were hereafter called
seeds. During the experimental period seeds remained
wrapped in paper packaging in an incubator adjusted to
19±1°C and 50±8% RH.
One hundred seed per lots were utilized for the
X-ray test, distributed on a plexiglass plate with individu-
alized cells. During to exposition radiation, plates were
placed over radiographic films (Kodak, Min-R 2000, size
18 x 24 cm), positioned 35 cm from the radiation-emit-
ting source, by utilizing a Hewlett-Packard (model MX-
20) Faxitron X-ray device, adjusted to 13 kV and expo-
sure time of 5 minutes. These exposure conditions were
determined in previous assays.
Radiographic films were developed in an auto-
matic processor (Hope X-Ray, 319 micro-Max and the
radiographic images digitized in scanner (Umax, Power
Look 1100 model), for later seed evaluation by a com-
puter program. The radiographic analysis of the seeds was
based on the different stages of embryo development, es-
tablished according to the proportion of the embryo cav-
ity occupied by the embryo, of 0, < 50, 50-75 and 100%.
Seeds showing an embryo/embryo cavity ratio of 100%
were further divided into classes as normal and abnor-
mal, according to embryo morphology. Intact embryos,
i.e., those that were complete and showing developed
structures, and those having limited damage (with more
than 50% of functional cotyledons), were considered as
normal; no damage present in the embryo axis was al-
lowed. Mature aroeira-branca seeds present a poorly de-
veloped plumule, which is macroscopically invisible (Fig-
ure 1c) and therefore not discernible on the radiograph.
The utilized terminology, as well as seed classification,
are based on those described by Simak & Gustafsson
(1953) and Simak (1980) for exalbuminous seeds of for-
est species.
Seeds were submitted to the germination test, and
the identity of each seed was tracked, to verify possible
associations between seed anatomy and the resulting/cor-
responding seedlings or non-germinated seeds.
Tests were conducted at 27°C with 8 hours of
light/day. Seeds were previously and individually
disinfested by immersion in a sodium hypochlorite so-
lution (2%), for 3 minutes, and then washed with dis-
tilled water and distributed among plastics gerboxes (16
seeds/box) over a 2 cm layer of vermiculite (0.6-1.2 mm
∅) previously moistened with distilled water (60% of
the retention capacity). Substrates were maintained
moist during the entire test period. Assessments were
performed daily for a period of 45 days after test instal-
lation. The produced seedlings, as well as seeds that did
not germinate during the period of time planned for the
test, were documented photographically with a digital
camera.
Seed moisture content was determined prior to
the onset of the experiment, by the incubator method at
105±3°C/24 hours (Brasil, 1992). The results, expressed
as percentages, were calculated on a wet weight basis
(Wb).
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RESULTS AND DISCUSSION
Seeds of the four lots had moisture contents
around 10% at experiment installation. Based on illustra-
tions of the mature aroeira-branca embryos and seeds
(Figure 1a-b). The radiographic images of seeds allowed
an appropriate visualization of their internal structures
(Figures 2 and 3). Therefore, the radiographic analysis
allowed seeds to be classified based on their development
stage and embryo morphology.
The morphological abnormality patterns in
aroeira-branca embryos, verified on the radiographs, were
basically the following: damage occupying more than
50% of the cotyledons (Figure 3e) and/or occurring in the
hypocotyl-radicle axis (Figure 3d); deformations or mor-
phological disorders, radiographically characterized by
irregular conformation (Figure 3f). The frequencies in the
stages of embryo development identified in the four lots,
as well as in the classes of embryo morphology consid-
ered as normal and abnormal, are shown in Table 1.
The array of light and dark shades observed in
radiographic images of seeds is defined as a function of
the level of absorption of X-rays in distinct regions of the
seed, which is determined by the thickness, density and
composition of the tissues (Simak, 1980; ISTA, 1993).
Since aroeira-branca seeds devoid of embryonic tissues
do not offer resistance to the penetration of X-rays, the
resulting images are radiolucent (dark) (Figure 3a); the
only observed constituents correspond to resin canals
present in the fruit mesocarp, and the seed integument.
On the other hand, seeds for which the embryo/embryo
cavity ratio is 100% are highly resistant to the passage
of X-rays, having therefore radiopaque images (light)
(Figure 2a).
Seed radiography can be of help to evaluate seed
viability (Swaminathan & Kamra, 1961; Copeland &
McDonald, 1985). Therefore, it is necessary to establish
a relationship between the internal structures of the seeds
and the corresponding seedlings that are produced, as
demonstrated in the present work.
Results obtained by the germination test corre-
spond to the expected germination based on the classes
obtained with the radiography of the seeds (Table 2). The
germination test revealed that seeds in which the embryo
did not present good contact with the internal surface of
the integument along all its extension were not viable,
since all seeds showing an embryo/embryo cavity ratio
lower than 100% invariably did not germinate.
Variations of embryos during the development
stage, observed for the aroeira-branca seed samples, fre-
quently occurs in forest species, certainly resulting from
disuniform flowering. Consequently, during harvest the
trees bear seeds at different maturity stages, when the oc-
currence of morphologically immature embryos can be
verified. Such fact helped the development of the X-ray
technique which, before anything else, aims at the estab-
lishment of an embryo development stage that is suitable
for harvest (Simak & Gustafsson, 1953).
With regard to the morphological profile of de-
veloped embryos (embryo/embryo cavity ratio of 100%),
it was observed that seeds considered normal by the X-
ray test resulted in normal and abnormal seedlings and
non-germinated seeds (Table 2). However, the percent-
oitarytivacoyrbme/oyrbmE
toL 0 05< 57-05 001
lamroN lamronbA
------------------------%-----------------------
1 01 2 3 87 7
2 1 1 0 28 61
3 9 5 4 96 31
4 6 3 0 78 4
Table 1 - Percentages of aroeira-branca seeds, by lot, observed
in classes determined by the X-ray test.
Figure 1 - Aroeira-branca mature seed: (a) external aspect; (b) embryo; (c) portion of embryo, longitudinally sectioned, showing plumule. Scale bar (a-b)
= 4.5 x 10-4 m; scale bar (c) 2.2 x 10-4 m.
hypocotil-radicel axis
cotyledon (2)
tegument
plumule
a
b
c
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Figure 2 - Radiographic images of aroeira-branca seeds with
respective resulting seedlings: (a) morphologically
normal embryo and normal seedling (arrow indicates
embryo axis); (b) morphologically abnormal ambryo
and abnormal seedlings (arrow indicates abnormality);
(c) embryo damaged at cotyledons and axis, and
adnormal seedling (arrow indicates damage).
(b)
(a)
(c)
Figure 3 - Radiographic images of aroeira-branca seeds: embryo/
embryo cavity ratio of 0% (a), < 50% (b) and 50-75%
(c); embryos with damaged axis (d), with more than
50% of cotyledons damaged (e), and deformed (f). Fruit
aspect in seeds of aroeira-branca, non-germinated in
germination test, belonging to classes a to f (g-i).
(h) (i)(g)
(a) (b) (c)
(d) (e) (f)
Table 2 - Normal seedlings (NS), abnormal seedlings (AS) and non-germinated seeds (NGS), expressed as percentages,
obtained by the germination test of four lots of aroeira-branca seeds, for each class determined in the X-ray test.
oitarytivacoyrbme/oyrbmE
toL
yrogetaC 0 05< 57-05
001
latoT
lamroN lamronbA
--------------------------------------%--------------------------------------
1 SN 0 0 0 16 0 16
SA 0 0 0 1 0 1
SGN 01 2 3 61 7 83
2 SN 0 0 0 87 0 87
SA 0 0 0 2 31 51
SGN 1 1 0 2 3 7
3 SN 0 0 0 46 0 46
SA 0 0 0 1 1 2
SGN 9 5 4 4 21 43
4 SN 0 0 0 87 0 87
SA 0 0 0 2 0 2
SGN 6 3 0 7 4 02
age of normal seedlings of each lot, in this class, was:
78.21% (lot 1); 95.12% (lot 2); 92.75% (lot 3); 89.66%
(lot 4), indicating a good correspondence among them.
During the germination test seeds remain exposed
to factors that compete for the reduction of the germina-
tion potential, such as the action of microorganisms that
might come along with them, and the presence of ana-
tomically normal wrapped in paper packaging which are
dead by natural causes or which are at more advanced
deterioration stages (Swaminathan & Kamra, 1961; Van
der Burg et al., 1994).
Within this context, making inferences about seed
quality based on a radiographic exam might be question-
able. Seeds corresponding to morphologically abnormal
embryo classes, as determined in the X-ray test, only gave
origin to abnormal seedlings and non-germinated seeds
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(Table 2), of which some were unquestionably dead, as
evidenced by the aspect observed when fruits were
opened (Figure 3g). Embryos in this class belonging to
lots 1 and 4 did not germinate, whereas in lot 3 germina-
tion of one seed with a damaged axis was not prevented,
but resulted in the formation of an abnormal seedling
(Figure 2c). Lot 2 in turn had a considerable number of
abnormal seedlings, originated from embryos bearing a
characteristic morphological disorder (Figure 2b). These
seedlings also manifested the same pattern of abnormal-
ity, i.e., seedlings showing deformations and hard tissues.
In this specific case, embryo morphology was related to
the morphology of the corresponding seedlings originated
in the germination test.
The X-ray technique is efficient for the detection
of damages and abnormalities in aroeira-branca embryos,
detrimental to germination. Discarding damaged or ab-
normal seeds, as shown in this study, can improve the ger-
mination performance of seed lots. This procedure, when
carried out before sowing, is more adequate for use with
perennial plants such as forest species.
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